National data on the blood folate status of New Zealand adults is lacking. The objective of this study was to describe the blood folate status and examine the predictors of blood folate status in a national sample of adults from New Zealand, a country with voluntary folic acid fortification. The 2008/09 New Zealand Adult Nutrition Survey was a nationwide multistage systematic random cross-sectional survey. Serum and erythrocyte folate concentrations were measured by microbiologic assay. The survey included 4721 participants aged $15 y, 3359 of whom provided a nonfasting blood sample. Biochemical folate status was measured in 3277 participants. The median serum and erythrocyte folate concentrations were 23 and 809 nmol/L, respectively. The prevalence of biochemical folate deficiency, defined as plasma folate <6.8 nmol/L or erythrocyte folate <305 nmol/L, was 2%. Having breakfast daily compared with never eating breakfast was associated with 53% higher serum and 25% higher erythrocyte folate concentrations; consumers of fortified yeast extract spread had 17% higher serum and 14% higher erythrocyte folate concentrations than nonconsumers; daily users of folate-containing supplements compared with nonusers had 48% higher serum and 28% higher erythrocyte folate concentrations. The prevalence of biochemical folate deficiency in New Zealand adults is low. Participants who ate breakfast more frequently, consumed folate-fortified yeast, or used a daily folate supplement had higher blood folate concentrations. J. Nutr.
Introduction
The results of clinical trials published in the mid-1990s established that folic acid taken periconceptionally reduces the risk of neural tube defects (1, 2) . In response to this evidence, mandatory folic acid fortification of a food staple was introduced in many countries to increase folate intake of women of childbearing age, and these programs have resulted in marked decreases in rates of neural tube defects (3) (4) (5) .
Population folate status is assessed usually by the measurement of folate concentrations in serum or erythrocytes; the former reflects status over the previous 3 mo (6), whereas the latter reflects longer-term status (7) . In the United States (8) and Canada (9) , the introduction of mandatory folic acid fortification of flour has caused the virtual elimination of biochemical folate deficiency.
The New Zealand government has permitted the voluntary addition of folic acid to some categories of foods since 1996. Many breakfast cereals are fortified, and they comprise the majority of folic acid-fortified foods, although since 2010, an increasing number of breads have been fortified with folic acid (10) . In 2012, after lengthy consideration and public consultation, the New Zealand government overturned legislation to make folic acid fortification of bread mandatory and opted to encourage manufacturers to increase uptake of voluntary fortification. To date, the blood folate status of a national sample of New Zealanders has not been documented. The objective of this study is to describe the serum and erythrocyte folate status of New Zealand adults surveyed in 2008 to 2009 as part of the population-based Adult Nutrition Survey and to examine predictors of blood folate status within the population.
New Zealand Adult Nutrition Survey was a multistage random survey of New Zealanders aged $15 y, with oversampling of some ethnic groups and age categories. The sampling frame consisted of the 2006 New Zealand census meshblocks (geographically defined areas). Meshblocks were stratified by district health board and selected based on probabilityproportional-to-size sampling. A total of 607 meshblocks were selected. Maori and Pacific ethnic groups and the age groups 15-18 y and $71 y were oversampled through the use of screening samples. Recruitment for the 2008/09 New Zealand Adult Nutrition Survey was performed from 13 October 2008 to 4 October 2009.
The interviews for the 2008/09 New Zealand Adult Nutrition Survey were performed in the participantsÕ homes. The interview consisted of a 24-h diet recall and a questionnaire that gathered information on sociodemographic characteristics, health status, and dietary habits. Consumers of fortified yeast extract spreads (e.g., Marmite and Vegemite) were identified using the 24-h diet recall. The dietary habits section of the questionnaire included questions on supplement use and frequency of breakfast consumption. Folate-containing supplements were defined as supplements of just folic acid, as well as multivitamins. Height and weight were also measured in the home. Ethnicity was self-reported. According to the prioritized ethnicity classification, first, any participant who identified as Maori was classified as Maori. Second, any participant who identified with 1 of the Pacific ethnic groups and did not identify as Maori was classified as Pacific. All remaining participants were classified as New Zealand European or other ethnicity. The 2006 New Zealand Index of Deprivation (NZDep2006) 7 was used as an indicator of socioeconomic status. Under this index, each meshblock is assigned an NZDep2006 score based on a number of socioeconomic parameters. The score ranges from 1 to 10, with a higher score indicating an area of higher deprivation. The availability of the meshblock data allowed for determination of each participantÕs respective area-based deprivation score.
Blood sample collection and handling. Participants in the 2008/09 New Zealand Adult Nutrition Survey who consented to provide a blood sample visited a local public laboratory for the blood draw. The participants were not required to be fasting before the blood sample. Blood was collected from an antecubital vein into 2 4-mL vacuum-evacuated EDTA-containing tubes and 1 10-mL tube that did not contain anticoagulant. The local laboratories used 1 4-mL EDTA-containing tube to analyze complete blood count. The 10-mL tube that did not contain anticoagulant was allowed to clot at room temperature for 30 min and centrifuged at 1500 3 g for 10 min, and the serum was aliquoted into another 10-mL tube with no anticoagulant. The local laboratories were instructed to send this tube, along with the remaining 4-mL EDTAcontaining tube at 4°C, to Canterbury Health Laboratories in Christchurch, New Zealand, where the serum and whole blood were further aliquoted and stored at 280°C. Folates have been shown to be stable in serum and intact whole blood for 1 to 2 d at 4°C (12, 13) . Later, aliquots of serum and whole blood, respectively, were sent in batches to the University of Otago, Dunedin, New Zealand, on dry ice and stored immediately in lidded boxes at 280°C. These aliquots of serum and whole blood were used for the folate analysis. (14) . The accuracy of the microbiologic assay was determined with the use of the National Institute of Standards and Technology (NIST) Standard Reference Material (SRM) 1955 folate in human serum 3-level standard that was assayed in duplicate on 1 plate per day and the National Institute for Biological Standards and Control (NIBSC) whole-blood folate standard (95/528) that was assayed in duplicate on every plate. The precision of the assay was monitored by analyzing pooled plasma in duplicate on every plate. Only 1 aliquot each of serum and whole blood was available for folate analysis. Serum folate concentrations have demonstrated stability through 3 freeze-thaw cycles (15) so that folate analysis was repeated for serum samples if the duplicates were found to differ by $20%. An in-house experiment indicated the folate concentration of whole blood was not stable through a freezethaw cycle. In this experiment, frozen intact whole-blood samples (n = 46) were thawed for the first time and analyzed immediately; the intact whole-blood samples were refrozen after a maximum of 3-h exposure to room temperature. Nine weeks later, these samples were rethawed and analyzed immediately. Whole-blood folate concentrations were, on average, 33% lower after a freeze-thaw cycle; this difference was significant (paired t test, P < 0.001). Therefore, when the folate concentrations for the whole-blood duplicates differed by $20% after the first thawing, reanalysis of the whole blood was not performed, and the results for those samples were excluded.
The measured value (CV) of the NIST standard was 6.2 nmol/L (9.8%) for level 1 (n = 18), 14 Statistical analyses. STATA statistical software (release 11; StataCorp) was used for all statistical analyses. All P values were 2-sided, and P < 0.05 was considered statistically significant. The total number of participants in characteristic subgroups was calculated. Differences in proportions for categorical characteristics between participants who gave a blood sample and those that did not were assessed with x 2 tests. For all other analyses, survey commands were used to take into account the specific design of the survey. Survey weights based on the prioritized ethnicity of those who gave blood samples were used to set the survey design in STATA. Survey adjusted percentiles 6 SE of serum and erythrocyte folate concentrations were generated for all participants and for males, females, each of the age groups (15-19, 20-39, 40-59, and $60 y), and the 3 ethnic groupings (New Zealand European and other, Maori, and Pacific participants).
We calculated the proportion (95% CI) of participants with low serum folate concentrations and erythrocyte folate concentrations indicative of deficiency. We used the cutoff of <6.8 nmol/L to indicate low serum folate concentrations and an erythrocyte folate concentration of <305 nmol/L to indicate deficiency (16) (17) (18) .
We decided a priori to examine sex, age (continuous), ethnicity (New Zealand European and other, Maori, Pacific), BMI (continuous), education (no school, school only, other post school, trade, university/ professional), NZDep2006, smoking status (never, former, current), drinking status (never, former, current), diabetes (self-reported), frequency of breakfast consumption per week, folate supplement use (nonusers, infrequent/less than daily, daily), and fortified yeast extract spread consumption (reported in the 24-h recall: no, yes) as potential predictors of serum and erythrocyte folate status. The potential predictors were first screened in univariate analysis, and those that were related to blood folate concentrations (P < 0.20) were included in the final model; for serum, all variables with the exception of diabetes were included, whereas for erythrocytes, all but sex and education were included. Multiple linear regression was used to determine the effect of the potential predictors on serum and erythrocyte folate concentrations. The distribution of the residuals was skewed in all models. In all cases, log transformation of the outcome variable (serum or erythrocyte folate concentrations) normalized the residuals; thus, this was performed before all regression analyses. In the final models, the exponent of the b coefficient represents the ratio of the geometric means in the subgroups.
Results
Of the 4721 participants who completed a 24-h recall, 3359 (71%) gave a blood sample ( Table 1) . Serum and erythrocyte folate concentrations were measured in 3277 and 2821 participants, respectively (data not shown). There were significant differences in the age, ethnicity, and BMI distribution of those who gave a blood sample and those who did not (P # 0.003 for all). Current smokers, current drinkers, and those from areas of greater deprivation were less likely to give a blood sample (all P < 0.001). Participants who self-reported diabetes, reported consumption of fortified yeast extract spread, and those who ate breakfast more frequently were more likely to give a blood sample (all P < 0.001). There were no differences in the sex distribution of these 2 groups of participants.
The distribution of folate status by sex, age group, and ethnicity is shown for serum folate in Supplemental Table 1 and for erythrocyte folate in Supplemental Table 2 . The median 6 SE serum folate concentration was 23.5 6 0.4 nmol/L for New Zealand European and others, 21.2 6 0.7 nmol/L for Maori, and 18.3 6 0.7 nmol/L for Pacific participants, and the 95th percentiles 6 SE for these groups were 69.7 6 2.1, 56.3 6 2.9, and 46.3 6 2.0 nmol/L, respectively. The median 6 SE erythrocyte folate concentration was 830 6 11 nmol/L for New Zealand European and others, 725 6 16 nmol/L for Maori, and 689 6 22 nmol/L for Pacific participants, and the 95th percentiles 6 SE for these groups were 1784 6 41, 1449 6 79, and 1250 6 51 nmol/L, respectively. The distributions of serum and erythrocyte folate were positively skewed (Fig. 1) .
In total, 1.7% (95% CI: In the univariate screening, diabetes was not related to serum folate, and sex, education and BMI were not related to erythrocyte folate (P > 0.20 for all), and, thus, these variables were excluded from the final multivariate model ( Table 2) . In the multivariate model, compared with males, female sex was associated with an 8% (95% CI: 2, 15%) higher serum folate concentration (P = 0.015). Older age was associated with higher serum (P = 0.007) and erythrocyte folate concentrations (P < 0.001). A 1-unit increase in BMI was associated with a 1% lower serum folate concentration (P < 0.001). Current smoking was associated with a 10% lower serum folate concentration than never smokers. Every occasion of eating breakfast per week was associated with a 6% (95% CI: 5, 8%) higher serum folate concentration and a 3% (95% CI: 2, 5%) higher erythrocyte folate concentration (P < 0.001 for both). Use of daily folate supplements was associated with a 48% (95% CI: 34, 62%) higher serum folate concentration and a 28% (95% CI: 17, 40%) higher erythrocyte folate concentration than nonusers (P < 0.001 for both). Fortified yeast extract spread consumption was associated with a 17% (95% CI: 8, 26%) higher serum folate concentration and a 14% (95% CI: 6, 22%) higher erythrocyte folate concentration (P < 0.001 for both). Education, NZDep2006, and drinking status were not associated with serum folate status in the multivariate model. Ethnicity, drinking status, and diabetes were not associated with erythrocyte folate concentrations in the multivariate model.
Discussion
In this study, which is to our knowledge the first populationbased national survey of serum and erythrocyte folate status of New Zealand adults, we found median serum concentration to be 23 nmol/L and erythrocyte folate to be 809 nmol/L. The prevalence of biochemical folate deficiency was low, at 2%.
A comparison of the blood folate concentrations of participants in the current survey with those of other national surveys is problematic, not only because the accuracy of folate measurement can differ by analytical method (19, 20) but, even for the same assay, variability in accuracy has been documented and international calibration programs are lacking (21) . Replicate samples analyzed using the microbiologic assay showed folate concentrations 22 to 32% higher when folic acid rather than 5-methyltetrahydrofolate was used as the calibrator for the standard curve (21) . In the current survey, folic acid was used as the calibrator, whereas 5-methyltetrahydrofolate was used in the National Health and Nutrition Examination Survey (NHANES) for the 2007-2010 samples. Nevertheless, despite the reports of variability in the microbiologic assay with different calibrators, our mean results for the NIST serum folate SRM (SRM 1955) differed little from the information values provided.
In the premandatory folic acid-fortification period, NHANES participants aged $4 y had a median serum folate concentration of 18 nmol/L and a median erythrocyte folate concentration of 734 nmol/L. In the late postmandatory folic acid-fortification period (2005-2010), the median serum folate concentration was 41 nmol/L, and the median erythrocyte folate concentration was 1090 nmol/L (22) . In the 2008/09 New Zealand Adult Nutrition Survey, within a background of voluntary folic acid fortification, perhaps not surprisingly, the folate status was between the premandatory and postmandatory fortification estimates from the United States; in New Zealand adults aged $15 y, the median serum folate concentration was 23 nmol/L, and the median erythrocyte folate concentration was 809 nmol/L. In the absence of formal calibration of the microbiologic assays between the New Zealand Adult Nutrition Survey and NHANES, these comparisons should be interpreted with caution.
Several predictors of blood folate status were identified in this population. Perhaps not surprisingly, selected dietary variables related to intake of folic acid were the strongest predictors of serum and erythrocyte folate concentrations. Participants who reported consuming folate-containing supplements daily in the dietary habits questionnaire had 48% higher serum folate concentrations and 28% higher erythrocyte folate concentrations than those who did not consume folate-containing supplements. Similarly, those who reported consuming breakfast 7 d/wk in the dietary habits questionnaire had ;53% higher [e (b coefficient 3 7) = e (0.060342 3 7) ] serum folate concentrations and 25% higher [e (b coefficient 3 7) = e (0.032217 3 7 )] erythrocyte folate concentrations. Many breakfast cereals are fortified with folic acid in New Zealand, so weekly frequency of eating breakfast is likely a marker for weekly frequency of consuming folic acid-fortified breakfast cereals. The regular consumption of breakfast may have been associated with a dietary pattern that was higher in foods naturally rich in folate, and this may explain a small part of the higher blood folate status in breakfast consumers. Participants who reported the consumption of fortified yeast extract spread in the 24-h recall had 17% higher serum folate concentrations and 14% higher erythrocyte folate concentrations than those who did not report consuming fortified yeast extract spread in the 24-h recall. It is likely that some regular consumers of yeast extract spread did not report consuming the spread 2 P values for the difference between those who had a blood sample and those who did not (x 2 test). 3 The BMI category cutoff points applied to those aged $19 y. Sex-and age-specific BMI cutoff points were used to classify participants aged 15 to 18 y as underweight, normal, overweight, and obese (30). 4 A higher NZDep2006 score indicates a geographic area with higher socioeconomic deprivation. 5 Participants who self-reported having diabetes mellitus. 6 Frequency as reported in the dietary habits questionnaire. 7 Infrequent consumption defined as less than daily. 8 Consumption as reported in the 24-h dietary recall.
because they had not consumed it during the 24 h period of dietary recall, and this underestimation of usual or regular intake would tend to bias the estimate toward the null. Therefore, the true magnitude of the association between fortified yeast extract spread and blood folate concentrations may be greater than we report. Although the New Zealand Food Composition Tables includes values for folate (expressed as dietary folate equivalents), the information was incomplete and unreliable for the purposes of the 2008/09 New Zealand Adult Nutrition Survey; therefore, the Ministry of Health decided not to estimate or report folate intakes.
In accordance with our results, other cross-sectional surveys in adults have reported that folate supplement users (23) or dietary supplement users (24) have higher folate status than nonusers. The results of a cross-sectional study conducted in Ireland, a country that also has voluntary rather than mandatory fortification, also showed that those who consume folic acid-fortified foods have higher blood folate status (25) . In addition, the results of previous studies have shown that current smokers have lower blood folate concentrations than nonsmokers (24, 26) , and older adults have higher blood folate concentrations than younger adults (9, 22, 24) .
In our survey, women had higher serum but not erythrocyte folate concentrations compared with men, with or without adjustment for other predictors of blood folate status. Results from the Canadian Health Measures study showed no difference in erythrocyte folate concentrations between males and females (serum or plasma folate concentrations were not measured) (9) . Female participants in NHANES had higher serum and erythrocyte folate concentrations than males (22, 24) , and this difference was attenuated, but not completely eliminated, by adjustment for sociodemographic and lifestyle factors, including dietary supplement use in the past 30 d (yes/no) (24) , thus suggesting that at least some of the difference between females and males in NHANES is explained by lifestyle factors and probably higher folate supplement use among females.
The total response rate for the 2008/09 New Zealand Adult Nutrition Survey-defined as the proportion of the selected sample that participated in the 24-h diet recall-was 61%. This response rate compares well with other national population-based comprehensive health and nutrition surveys. In both the Ireland SLÁN 2007 survey of lifestyle, attitudes, and nutrition and the U.K. 2008/09 and 2009/10 National Diet and Nutrition Survey rolling program, 55% of the selected samples participated in the dietary assessment component (27, 28) . However, NHANES has a much higher response rate, typically ;75 to 80% (29) .
Despite a reasonable response rate in the 2008/09 New Zealand Adult Nutrition Survey, those who agreed to participate in the survey and those who provided a blood sample were probably healthier than the general population from which they were selected. The participants who gave a blood sample were more likely to eat breakfast regularly and report the consumption of fortified yeast extract spread and daily consumption of folate-containing supplement. Our results showed that participants who ate breakfast frequently consumed a daily folate supplement, and those who reported consuming fortified yeast extract spread had higher serum and erythrocyte folate concentrations. Thus, the survey may slightly overestimate the folate status of the New Zealand adult population.
Since 2008, there has been a marked increase in the number of fortified breakfast cereals and breads in the New Zealand market, from just <60 in 2008 to >100 in 2011 (10) . In August 2012, the New Zealand government announced, after much public and scientific debate, that folic acid fortification would remain voluntary in New Zealand. Our results show that dietary habits associated with the consumption of folic acid-fortified foods have large effects on folate status. Given that there is no minimum quota of food products that are required to be fortified with folic acid, any shift in the availability of folic acid-fortified foods or adjustment to the amount of folic acid added to fortified foods has the potential to change, upward or downward, the folate status of the New Zealand population.
In conclusion, we describe-to our knowledge for the first time-the serum and erythrocyte folate status of a populationbased national sample of adults from New Zealand, a country with voluntary folic acid fortification of some food categories. Biochemical folate deficiency is uncommon in New Zealand. Dietary habits related to intake of folic acid were strong positive predictors of blood folate status in this population. Given that folic acid fortification of foods in New Zealand remains voluntary, the folate status of the population will fluctuate with any change in the supply of folic acid-fortified foods or the amount of fortificant added. Therefore, there should be regular monitoring of folic acid in the food supply, as well as assessment of serum and erythrocyte status of the population. 1 Values were generated using multiple linear regression and are reported as ratios of geometric means (95% CI). For example, a serum folate ratio of 1.08 indicates that women have an 8% higher geometric mean serum folate concentration than men, after adjustment for other predictors in the model. NZEO, New Zealand European and other; NZDep2006, 2006 New Zealand Index of Deprivation. 2 Diabetes was not associated with serum folate concentrations (P . 0.2) in the univariate analysis and was not included in the multivariate model (therefore, no ratio is reported). 3 Sex and education were not associated with erythroctye folate concentrations (P . 0.2) in the univariate analysis and were not included in the multivariate model (therefore, no ratios are reported). 4 A higher NZDep2006 score indicates a geographic area with higher socioeconomic deprivation. 5 Participants who self-reported having diabetes mellitus. 6 Frequency as reported in the dietary habits questionnaire. 7 Infrequent consumption defined as less than daily. 8 Fortified yeast extract spread consumption as reported in the 24-h dietary recall.
